The electrochemical and photoelectrochemical characteristics of conducting polymer bilayers composed by polypyrrole, PPy, and poly(3-methylthiophene), PMeT, are described. The bilayers were produced by galvanostatic deposition of the polymers using different charge densities. Scanning electron micrographs indicate that the sequence of polymerization affects the surface morphology of the bilayers and, while PMeT polymerizes into the pores of the PPy film, a PPy film is formed over the PMeT film. Cyclic voltammetry of the bilayers shows the peaks corresponding to PPy and PMeT, regardless of the sequence of deposition; however, the potentials of redox processes are slightly shifted. The sequence of polymer deposition also affects the photoelectrochemical properties of the bilayers. The results show that, for a bilayer with PMeT as inner polymer and PPy as outer polymer, an enhanced photocurrent can be obtained by controlling polymer film thickness.
Introduction
1 compositions are available, materials with a wide range of chemical and physical characteristics can be designed.
Electrochemically synthesized polymers are interesting for manufacturing devices because the resulting electro-active material will be directly deposited on conductive substrates, the most suitable choice as active electrodes in such systems. This method allows to control parameters like film thickness by the electrical charge employed during the polymerization; the polymer is directly obtained in its conducting state and the cost is not expensive. Electrodes modified with conducting polymers have been intensely studied in the last few decades [15] because the quality of electrodeposited polymer films depends on several parameters, such as nature of substrate, monomer concentration, solvent, electrolyte, charge density used in synthesis and temperature [16, 17] . Longer conjugation length, fewer structural defects, higher hopping frequency and higher conductivity are characteristics reported to be typical of materials synthesized at lower temperatures [18] . Among the conducting polymers, special attention has been devoted to study the electrochemical synthesis of polypyrroles and polythiophenes. A large number of reports deal particularly with the electropolymerizaton of 3-methylthiophene and pyrrole [19] [20] [21] [22] [23] . The interest in electrosynthesized polythiophenes arises from their unique photoelectrochemical properties [11, [24] [25] [26] , while polypyrroles are attractive because of their long-term stability, the low potential needed to oxidize the monomers and the possibility of producing either homopolymers or composites with improved mechanical properties [27, 28] .
Because of the possibility of designing heterojunctions by connecting two conducting polymers, several works on the preparation and characterization of bilayer electrodes have appeared recently. These bilayers may exhibit a photocurrent, which is a valuable characteristic in the assembly of solar cells and photovoltaic devices. Fabrication of a bilayered or multilayered conducting polymer heterostructure based on an all-organic donor-acceptor bilayer or p-type and n-type conducting polymers have been described but these conducting polymers are not synthesized electrochemically [29] [30] [31] [32] [33] [34] [35] . The electrochemical synthesis is interesting for bilayer deposition due to the possibility of successive deposition of layers of different polymers without dissolving the previously prepared layer (what might occur in other methods, such as spin-coating). Indeed, electrochemically prepared bilayers of polypyrrole, PPy, and polythiophene have been investigated as p-n junction diodes [36, 37] . Other conducting polymer bilayers including polypyrroles and polythiophenes have also been studied, such as PPy and polybithiophene [38] , PPy and poly(3-bromothiophene) [39] , PPy and poly(3-octylthiophene) [40] , PPy and poly(N-methylpyrrole) [41] , polybithiophene and polyxylviologen [42] , polythiophene and polyfuran [43] , poly(N-vinylcarbazole and poly(3-hexylthiophene) [44] , and poly(3-methylthiophene) and poly(3-octylthiophene) [45] . Electrochemical analyses of these systems showed that the charge transfer to the outer layer is limited by the electrochemical processes occurring in the inner [38] , since the redox reactions in the polymer film depend on several parameters, such as morphology and thickness. Furthermore, it has not yet been established whether successive electrochemical depositions give rise to two individual polymer layers or one mixed layer, generated if the latter polymer film penetrates into the former. By studying Raman spectra of both sides of PPy/polyaniline bilayers, Saçak et al. proved that a two-layer modified electrode or a composite is obtained, depending on the deposition order [46] .
Successive electrochemical depositions of layers of polypyrrole, PPy, and poly(3-methylthiophene), PMeT, on a tin oxide-covered glass substrate (TO) were reported in a previous work [47] and it was found that polymer bilayer thickness and roughness depend on the sequence of deposition of the polymer layers. Furthermore, TO/PPy/PMeT samples present a more porous surface morphology than TO/PMeT/ PPy films. The present study reports an investigation on how the sequence of polymerization affects the electrochemical and photoelectrochemical properties of PPy/PMeT and PMeT/PPy bilayers. In previous work we employed TO to prepare a device with the configuration TO/polymer/metal because, in that case, TO presents a higher stability than indium tin oxide (ITO). Nevertheless, in the present study, ITO was used because it is better than TO to investigate the electrochemical characteristics of the polymer/electrolyte interface.
Results and discussion
The electrolytic medium has a strong influence on the structure and properties of the PPy and PMeT films [28] and the solvent to be used in layer deposition must be suitable for both monomers. Because PPy has a very low oxidation potential, films can easily be deposited on a series of inert anodes (Pt, ITO), using water as solvent for the synthesis medium [48] . However the oxidation potential of 3-methylthiophene is considerably higher than that observed for pyrroles and the solvent of the electrolytic medium should be electrochemically stable at the high potentials needed to oxidize 3-methylthiophene. Furthermore, more conductive PMeT films have been prepared in rigorous anhydrous media because traces of water in the synthesis solution affect the quality of the films [49] . Among all common organic solvents, acetonitrile has been extensively used to produce high-quality polythiophene films, thus it was chosen as the synthesis medium of both polymers. Fig. 1 shows the potential variations of the working electrode during the galvanostatic synthesis of the PPy and PMeT monolayer films, and during the synthesis of the outer layer in PPy/PMeT and PMeT/PPy bilayers. All films shown in this figure were prepared on ITO, with a charge density of 50 mC/cm 2 . If the potentials monitored during the synthesis of PPy and PMeT on ITO electrodes are compared, it is clear that the oxidation of 3-methylthiophene requires a higher potential than that needed to oxidize pyrrole. During the polymerization of 3-methylthiophene, the profiles of the potential curves show that the potential reaches 3.6 V and quickly decays to stabilize at around 2.9 V. The fast initial potential increase is related to the nucleation overpotential for monomer oxidation followed by nucleation of oligomers [50] . The decrease in the potentials occurs because the polymerization proceeds more smoothly after the ITO electrode is covered with an initial polymer layer. After this step, the potential remains unchanged during the entire synthesis of the PMeT films and the film thickness does not affect the deposition, which is an indication that the monomer diffuses easily into the PMeT film and that the polymer chains are growing from the ITO substrate towards the electrolyte.
A different behaviour was found in the growth of polypyrrole chains on ITO. The potential during polypyrrole formation reaches 1.9 V, remains constant for 5 s, and then decreases to 0.9 V. According to Diaz et al. [51] and Rodrígues et al. [52] the polymerization of pyrrol in dry acetonitrile solutions proceeds by a proton-catalyzed polymerization with electrochemical polymerization of pyrrole. Therefore, the high initial overpotentials during the galvanostatic synthesis of the PPy films could be related to this parallel chemical polymerization of non-conducting protonated polymer. This profile suggests that the polymerization process has two well-defined steps and the potential needed to produce polypyrrole films decreases only after the ITO electrodes are completely covered with a polymer layer. This behaviour also indicates that the PPy chains are probably growing on a previously formed layer of PMeT. Curve profiles for the synthesis of the outer polymer in the bilayers are quite different from those obtained for the synthesis of the same polymer on ITO electrodes. In both cases the potential increases continuously from the onset of the polymerization, reaching 2.7 V for the PPy/PMeT bilayer and 1.2 V for the PMeT/PPy bilayer. While the polymerization of 3MeT on PPy takes place at a lower potential than the same process on ITO electrodes, the polymerization of PPy on PMeT occurs at a higher potential than the deposition on ITO electrodes, although it was found to be lower at the very beginning. These results indicate that for a PMeT/PPy bilayer, the PPy film is preferentially deposited on the PMeT film and the pre-layer of PMeT is more resistive than the ITO electrode.
In the case of PPy/PMeT, 3MeT molecules seem to diffuse into the PPy film, initializing the polymerization in the pores of PPy. The literature [53, 54] indicates that a compact structure is electrogenerated in pyrrole polymerization and that PMeT is growing on the initial compact polypyrrole film formed. The potential is lower because this polypyrrol film is a better conductor than the ITO electrode.
Scanning electron micrographs presented in Fig. 2 show that the surface morphologies of PPy and PMeT are different. PMeT films are more compact (Fig. 2a ) [55] , while PPy films ( Fig. 2b ) [56] seem rough and porous. Fig. 2c and 2d [47] present the surface morphology of PMeT/PPy and PPy/PMeT bilayers, respectively. The morphology of the PMeT/PPy bilayer is similar to that observed in PPy films, indicating that the outer layer is mostly formed by PPy. However, the PPy/PMeT bilayer surface morphology is less compact than PMeT films. It is also less rough than PPy films, indicating that here the polymer/polymer interface is not well defined and the two polymers are present in the bilayer surfaces, forming a single mixed layer. Indeed, other authors report that bilayers, composed by PPy as inner layer and polyaniline [57] or poly(3-octylthiophene) [40] as outer layer, present a similar behaviour, with the latter polymer growing inside the pores of the PPy film. [47] . All polymer films (single layers and bilayers) were deposited onto TO (tin oxide) electrodes with a charge density in the synthesis of 100 mC/cm 2 The electrochemical behaviour of single polymer films and of bilayers was evaluated in cyclic voltammetric measurements, Fig. 3 . PPy and PMeT present redox processes in different regions of potential: while PPy presents the oxidation process at 0.12 V and the reduction process at -0.18 V, PMeT presents a voltammetric profile typical of polythiophenes, with two partially superimposed redox couples that correspond to the successive formation of polarons and bipolarons. The first redox couple is more defined and occurs at 0.58 V (oxidation) and at approximately 0.14 V (reduction). Polaron to bipolaron conversion in PMeT voltammetry can be seen as a shoulder that appears at about 0.80 V, while the parent reduction occurs at 0.64 V. Furthermore, the second oxidation process in PMeT is particularly difficult to detect because this polymer presents a strong capacitive behaviour at anodic potentials. In the voltammetric curves of the two single polymer films it is also remarkable that the total charge involved in the redox processes of PMeT is higher than that related to the redox processes of PPy.
Bobacka et al. also observed the redox processes of two polymers in the cyclic voltammograms of bilayers composed of polypyrrole and poly(3-octylthiophene) [40] . However, other bilayers described in the literature do not show the redox peaks corresponding to the two polymers: Kvarnström and Ivaska [58, 59] studied bilayers composed by poly(p-phenylene) and poly(octylthiophene) and observed that the redox processes were superimposed. Upadhyay et al. studied bilayers formed by polypyrrole and polyaniline and verified that the electrochemical behaviour of these bilayers always retains the characteristics of the inner polymer [60] . Both bilayers present very similar electrochemical behaviour, corresponding to the superposition of the cyclic voltammograms of the single polymer films. However, in the bilayers the redox processes related to each polymer are shifted with respect to the potentials observed in the cyclic voltammograms of the single polymers. Furthermore, the high capacitive behaviour related to PMeT is also observed at anodic potentials.
For the PPy/PMeT bilayer, the redox process related to the inner polymer oxidation (PPy) appears at -0.14 V (the single polymer film is oxidized at 0.12 V). In the oxidation scan, a PPy monolayer is still fully reduced at -0.40 V while in the bilayer, the PPy film is partially oxidized at that potential. For the same bilayer the first oxidation peak associated to the outer polymer (PMeT) is not observed while the second oxidation peak is slightly shifted to 0.82 V (the PMeT monolayer presents the second oxidation at 0.80 V).
Taking into account the PPy reduction, it is observed that this redox process occurs at -0.61 V in the PPy/PMeT bilayer and at -0.18 V in the PPy monolayer film. For the reduction scan a lower potential means that a higher potential is needed to reduce the PPy in the bilayer.
In summary, for the PPy/PMeT bilayer the inner polymer oxidation occurs at lower potentials while the outer polymer oxidation occurs at higher potentials. Otherwise, PPy reduction is more difficult in the bilayer than in the monolayer. Murray et al. [61] [62] [63] have studied extensively the electrochemical behaviour of redox polymers based on metal-vinylpyridine complexes and concluded that the redox processes related to the outer polymer are constrained to undergo oxidation by physical isolation from the electrode by the inner polymer. According to these authors, the outer polymer oxidation occurs via an electron transfer from the inner layer, but the electron flow occurs only from the inner to the outer layer. Regarding this electron transfer, it is possible that oxidation processes taking place at the inner polymer occur at lower potentials because the outer layer operates as an electron acceptor. 6
If the same phenomenon is also taking place within the PMeT/PPy bilayer (PMeT is the inner layer), the redox peaks related to PMeT should occur at more cathodic potentials and those related to the PPy film should proceed at a more anodic potential. However, in the anodic scan PMeT presents a similar behaviour to that observed in the PPy/PMeT bilayer: in both bilayers the second oxidation process (polaron to bipolaron conversion) is stronger than the polaron formation and, as a consequence, the first oxidation process is not observed. For MeT/PPy, the polaronbipolarion conversion occurs at 0.90 V (for a PMeT monolayer, the potential is 0.80 V). The PPy oxidation step remains unchanged and occurs, as observed for the PPy monolayer film, at 0.12 V. These results indicate that the charge trapping process proposed by Murray is not observed at the PMeT/PPy bilayer. In this bilayer, the inner layer (PMeT) has no effect on the outer layer oxidation (PPy), but the outer layer hinders the inner layer reduction. The inner layer oxidation is probably less likely to occur because the outer layer precludes the ionic diffusion to the inner layer. Otherwise, the inner layer does not affect the outer layer oxidation because the process is not mediated via electron transfer from the inner layer. The different aspects observed in the behaviour of the two bilayers indicate that, by altering the sequence of polymerization, modified electrodes with very diverse electron transfer and ion diffusion mechanisms are produced.
Additionally, the voltammograms of the bilayers also show that the current peaks of all processes are more intense than those observed in the cyclic voltammograms of the polymer monolayers. Identical charge densities were used to deposit PPy and PMeT, in the preparation of mono-as well as bilayers, and the increment observed in the bilayer voltammograms can be related to the increase of the total charge during the redox processes. As the charge during the redox processes is proportional to the mass of the polymers, it seems that greater amounts of both polymers were deposited in the bilayers, indicating that the inner polymer is catalysing the polymerization of the outer one.
Another interpretation of voltammograms in Fig. 3 is that conducting polymer films swell and compact during oxidation and reduction processes, interchanging both, counter ions and water. Under those conditions both layers could have the same probabilities for reduction during the cathodic sweep. Fig. 4 shows the absorption spectra of polymer monolayers and bilayers reduced at -1.1 V. Under these conditions, PPy films present a maximum of absorbance at about 420 nm and PMeT films present a maximum at c. 510 nm. The spectrum of the PMeT/PPy bilayer presents a broad absorption band with maximum between 380 and 550 nm, which corresponds to the sum of the absorption of the bilayer components. In contrast to this behaviour, the PPy/PMeT bilayer only presents the absorption due to PPy (the inner layer polymer). In conclusion, the spectrum of the PMeT/PPy bilayer is the sum of the spectra of the two polymer films because in this bilayer, the second polymer (PPy) is deposited over the PMeT substrate. On the other hand, the PPy/PMeT spectrum presents a profile predominantly due to the PPy film because the second polymer (PMeT) was polymerized into the pores of the PPy film, according to the results shown in Figs. 1 and 2. 7
The photoelectrochemical behaviour of the polymers and bilayers was studied by irradiating the electrochemical cell with polychromatic radiation (100 mW/cm 2 ) and measuring the current variation as a function of time. The electrochemical cell was irradiated at the electrolyte/working electrode interface and the working electrodes were polarized at -0.7 V to ensure the full reduction of both polymers. Fig. 5 shows the photoresponses of polymer monolayers and bilayers prepared with 50 and 100 mC/cm 2 . To avoid superposition, some curves in Fig. 5 are shown with shifted current values. The photoelectrochemical effect can be seen in all systems when one compares the current values under illumination with those observed when the irradiation is turned off. As described in the literature, both PPy [48, [64] [65] [66] and PMeT [2, 25, 65 ] present a p-type semiconductor behaviour, which is confirmed in Fig. 5 since both polymer films show a cathodic photocurrent in the reduced state. The photoresponse observed in Fig. 5 would only be observed if a redox couple were added to the electrolyte solution to assist the photoeffects and, in this case, none was purposely added to the electrolyte solution. Therefore, some species in the electrolyte medium might play that role. Several authors have described the photoelectrochemical reduction of dissolved oxygen in solutions that do not contain another redox couple [67] [68] [69] . According to Glenis et al. [70] , electrons generated in the photoelectrochemical process reduce dissolved O 2 to O 2 . In a recent study the role of O 2 as redox couple in the photoresponse of poly(4,4'-dipentoxy-2,2'-bithiophene) was confirmed, by degassing the electrolyte solution with argon. An abrupt decrease of the photoresponse was observed after degassing and the photoresponse was restored after cutting the argon flux [13] . PMeT films present a photocurrent cathodic peak immediately after irradiation, with an exponential decay that reaches a plateau at 39 µA/cm 2 after 25 s (for the film prepared with 50 mC/cm 2 of charge density) and at 59 µA/cm 2 after 50 s (for the film prepared with 100 mC/cm 2 of charge density). This behaviour is typical of recombination processes taking place in the films, attributable to traps related to structural disorder in the polymer bulk. The stabilization time and photocurrent decay are greater in the thicker film because charge carriers generated at the polymer/electrolyte interface cross a longer distance in the polymer bulk before arriving at the conductive substrate. Tab. 1 shows the values of polymer film photocurrents and the time elapsed until a stable photocurrent was observed. In PPy films the photocurrent does not reach a maximum value immediately after the irradiation, as observed for PMeT films, but increases continuously up to stabilization, at 11 µA/cm 2 (for the film prepared with 50 mC/cm 2 charge density) and at 15 µA/cm 2 (for the film prepared with 100 mC/cm 2 charge density). This particular behaviour suggests that the recombination of the photogenerated charge carriers is not the limiting factor in defining the photocurrent, and an other mechanism is controlling the photoeffect generation. We also observed that, unlike PMeT films, the film thickness does not influence the time needed for photocurrent stabilization because it is reached after about 35 s in both PPy films. Comparing the absolute values, the PMeT photocurrent is higher than that observed for PPy films. Furthermore, the energy gap of PMeT is lower than that of PPy (PMeT absorbs at a lower energy wavelength than PPy). Consequently, a large number of photons from the polychromatic radiation have enough energy to promote electrons from the valence to the conduction band of PMeT, but do not have the energy necessary to induce the same effect in PPy.
Photocurrent curve profiles obtained for both bilayers are similar to those observed for PPy films: the intensity of the photocurrent increases continuously up to a threshold value. Taking into account that photoeffects are mainly generated at the polymer/electrolyte interface, these results confirm our hypothesis from bilayer synthesis and micrographs: in the PMeT/PPy bilayer, the PPy film grows on the surface of the PMeT film. Otherwise, when the ITO substrate is previously covered with a PPy film, PMeT is formed preferentially within the pores of the PPy film. Therefore, the bilayer region closer to the polymer interface is richer in PPy than in PMeT, regardless of the polymer deposition sequence.
As shown in Fig. 5a and 5b, the photocurrent observed is proportional to the charge density used to synthesize the polymer films: the photocurrent increases from 25 to 40 µA/cm 2 for the PPy/PMeT bilayer, and from 50 to 60 µA/cm 2 for the PMeT/PPy bilayer. The time needed for the photocurrent to stabilize in the bilayers is always related to the inner layer polymer. It is around 35 s for PPy/PMeT bilayers, regardless of the charge density used to synthesize them, as observed for the PPy monolayer film. However, the time for stabilizing the photocurrent in the PMeT/PPy bilayers increases with its thickness (35 s in Fig. 5a and 45 s in Fig. 5b) , as it was observed in the PMeT film. These results show that the kinetics of photocurrent stabilization is controlled by processes occurring at the polymer/ITO electrode interface.
Finally, according to the absolute values of photocurrent in each bilayer as compared with those observed in the polymer monolayers, a different behaviour is verified in each case. For the PPy/PMeT bilayer the photocurrent observed (25 µA/cm 2 and 40 µA/cm 2 , for the films synthesized with charge densities of 50 and 100 mC/cm 2 , respectively) is higher than the values observed for PPy monolayers synthesized under the same conditions, but are lower than the photocurrent observed for PMeT films. As in this bilayer PMeT films are formed into the pores of the PPy film, PMeT can be acting only as an acceptor for the photogenerated charge carriers.
Photocurrent values observed for the PMeT/PPy bilayers are 50 and 60 µA/cm 2 , for the films synthesized with charge densities of 50 and 100 mC/cm 2 , respectively. For the bilayer synthesized with 50 mC/cm 2 , the total photocurrent is equal to the sum of the photocurrent values observed for the polymer monolayers. Otherwise, the thicker bilayer photocurrent is similar to that observed in the PMeT monolayer. As discussed above, in this bilayer a porous PPy film is formed on the PMeT film and, depending on the PPy film thickness, the electrolyte solution can reach the PMeT film and photoeffects are generated in both polymers. These results are interesting because it is possible to obtain a synergistic effect on the photocurrent by using PMeT/PPy with an optimized control of the film thickness, making it possible for these systems to be used in the production of higher performance photoelectrochemical cells than those with homopolymers. Recently, photovoltaic devices with electrodeposited bilayers of PMeT and PPy have been investigated. Device performance depends on polymer staking sequence and on the thickness of the polymer layers [71] .
Experimental part
Electrodes modified with single layers of PPy and PMeT were produced by galvanostatic polymerization of the monomers onto ITO electrodes (60 Ω/square), using a Pt foil as counter-electrode. For PPy film deposition, the current density was 1.0 mA/cm PPy/PMeT and PMeT/PPy bilayers (the former is the inner layer, the latter is the outer one) were obtained by depositing the inner polymer film onto an ITO electrode followed by deposition of the outer polymer layer. Synthesis conditions were the same for both layers. All depositions, including polymer monolayers and bilayers, were performed using a total charge density of 50 or 100 mC/cm 2 , over a 1.0 cm 2 area. In the case of polymer bilayers, the two polymers were always prepared with the same charge density. The open circuit potential during all galvanostatic syntheses was monitored in relation to an Ag/AgCl electrode.
Cyclic voltammetry experiments were carried out in a one-compartment electrochemical cell, using ITO electrodes modified with the polymer mono-or bilayers as working electrode, a platinum wire as auxiliary electrode and Ag/AgCl as reference. A 0.1 mol/L (CH 3 ) 4 NBF 4 acetonitrile solution was used as electrolyte. Cyclic voltammograms were measured in several potential ranges, at 50 mV/s. All polymerizations and electrochemical characterizations were performed with a Microquímica MQPG-01 potentiostat. UV-vis spectra of the polymer films were obtained by placing the electrochemical cell in the optical path of a Shimadzu 2401-PC UV-visible spectrophotometer and polarizing the working electrode at -1.1 V (vs. Ag/AgCl).
For the photoelectrochemical measurements, the electrochemical cell was fixed to an optical bench and connected to an Autolab EcoChemie model PGSTAT10 potentiostat. The working electrode was illuminated with a 200 W Xe(Hg) lamp regulated by an Oriel power supply (model 66001). All irradiations were carried out using a water filter (Oriel, model 6214) to minimize thermal effects. No corrections were made for reflection or absorption at the electrodes. All experiments were done under atmospheric conditions, at 22°C and relative ambient humidity between 40 and 60%. Polychromatic light intensity at the working electrode was 100 mW/cm 2 , measured with a silicon photodetector (Newport, model 818-UV), controlled with an optical power meter (Newport, model 1830-C). The electrochemical cell was irradiated at the electrolyte/working electrode interface. Photochronoamperometry experiments were done by irradiating the samples with polychromatic light and measuring the current variation as a function of time.
Conclusions
Depending on the sequence of deposition, polymer bilayers composed of PPy and PMeT present different characteristics. When PMeT is the outer layer, the monomer diffuses within the porous structure of PPy and polymerizes into these pores. Otherwise, PMeT films present a more compact surface morphology and the polymerization of pyrrole occurs preferentially on the PMeT pre-layer as discussed by curve profiles for the galvanostatic synthesis and by morphology analysis. Cyclic voltammograms of the bilayers show the peaks corresponding to PPy and PMeT, regardless of the sequence of deposition. However, in PPy/PMeT, the redox processes related to the outer layer seem to be mediated via an electron transfer from the inner layer. Otherwise in the PMeT/PPy bilayer the inner layer has no influence on the redox processes related to the outer layer.
The photoelectrochemical properties are strongly dependent on the nature of the polymer/electrolyte interface. Therefore, the sequence of polymer deposition affects the photocurrent observed in the bilayers. The highest value of photocurrent was obtained in the PMeT/PPy bilayer because the PPy film is porous and permits the electrolyte to reach the PMeT film. Indeed, by controlling the thickness of the films it is possible to produce bilayers with enhanced photocurrent because photoeffects are generated in both polymer layers.
